Background: Carbon filters and expensive evacuation machines are available to evacuate surgical smoke in long-lasting laparoscopic operations and achieve good visibility and patient's safety. Methods: This study was aimed to determine which of two methods for laparoscopic smoke evacuation is most effective getting the best visibility. 20 patients submitted to elective laparoscopic colorectal resections were allocated to be operated using, either a carbon filter (Group A) or a home-made tubing with a continuous suction (Group B) connected through one of the ports to the hospital vacuum system: both methods were regulated with a roller clamp to increase smoke evacuation in order to obtain good visibility. A mono-polar hook and the LigasureV 5-mm vessel-sealing device were used. Groups were comparable for demographic characteristics, surgical techniques, and malignancy. Mann-Whitney and Fisher's exact test were used for statistics. Results: Morbidity was 10%. There was no mortality, and there was no difference between Group A and B according to complications (p = 1.00), hospital stay (p = 0.23), duration of the operation (p = 0.79) and total consumption of CO 2 (p = 0.36). However, the number of times that the clamp had to be released (Group A: 3.4 + 1 vs Group B: 1.5 + 1) (p = 0.006) and that a port had to be opened freely to quickly evacuate dense smoke (Group A: 0.9 + 0.7 vs Group B: 0) (p = 0.002) was very significantly increased in Group A as compared to Group B. Mean follow-up was 60 months and no port site metastases that could be a consequence of "chimney effect" or wound recurrence have been detected. Conclusions: The surgeon's subjective impression that carbon filters are less effective for smoke evacuation than continuous outflow of gas through a port connected to the hospital vacuum source was confirmed. This simple method is advised for long-lasting laparoscopic procedures to improve visibility throughout the procedure.
Introduction
Good visibility is essential for patient's safety during laparoscopic operations [1] , and technological improvements have produced very high-quality cameras and optical instruments. However, electrosurgical and coagulation devices are necessary during laparoscopy and all of them are responsible of some kind of fogging, thus making visibility worse [2] . Because of a poor vision, surgical smoke may be of great inconvenience for the surgeon during laparoscopic surgery [3] , especially in narrow spaces such as the pelvis in colorectal surgery. A simple way of getting rid of surgical smoke during laparoscopy is to open one of the ports, letting gas and smoke particles flow out free into the environment of the operating theatre: this is an easy way of evacuating smoke, but needs to be supplemented with a high-flow CO 2 insufflators (e.g. 30 -40 liters/minute) and usually makes the optics get misted, due to sudden changes of intra-abdominal temperature. On the other hand, to avoid the risks [4] that surgeons and health care personnel in the theatre can run by aspiration of surgical smoke [5] [6] , a variety of closed suction or evacuation systems have been designed for laparoscopic procedures: smoke filters and smoke suction devices have been manufactured to be connected to the ports for constant smoke evacuation (MEGA-VAC TM, www.smokeevacuators.com, www.freepatentsonline.com, www.biomedicine.org). An alternative to the latter expensive devices may be carbon filters, but our previous experience with one of them (Laparoshield R ) was not satisfactory for laparoscopic visibility, so that we designed a comparative study to look for a better and cheaper way to evacuate smoke from the laparoscopic field in long lasting operations.
Patients and Methods
In order to conclude which of two methods for laparoscopic smoke evacuation was most effective to achieve a good laparoscopic vision in colorectal resections expecting to last more than 2 hours, the effect on laparoscopic visibility of a commercially available carbon filter and a home-made tubing connected to the hospital source of vacuum system were analysed and compared. Primary aims of the study were the number of times the evacuation device had to be opened to increase smoke evacuation for an optimal laparoscopic visibility as a variable measuring the subjective sensation of the surgeon of good visibility. Sample size (error α, 0.05 error β 0.2) was calculated to obtain a difference of at least 2 in the mean number of times the clamp had to be opened to increase gas outflow to evacuate smoke and improve visibility (Standard Deviation 1) and once to open a port (Standard Deviation 0.7), and resulted 8 cases per group.
The study was conducted using two types of smoke evacuation systems, based upon the hypothesis that a constant gas outflow to a vacuum system might be better than carbon filters, in order to achieve a better visibility throughout the laparoscopic procedure. During the last few months of 2007, patients scheduled for elective colorectal laparoscopic resection were alternativelly allocated to be operated using either a carbon-filter (LaparoShield R , Pall Medical Europe, Portsmouth, England) (Group A) or a simple home-made tubing connected to the hospital source of vacuum system (Figure 1 ) (Group B) simulating other commercially available smoke-filtering and evacuation machines (MEGA VACPLUS TM , Draper, UT, USA), and also simpler methods of operating theatre wall suction [7] . Laparo Shield R allows a flow rate up to 12 l/min at an intra-abdominal pressure of 15 mmHg. With both methods (Groups A and B), the flow of the evacuation system could be regulated with a roller clamp over the tubing for a faster evacuation of smoke. The cost of the Laparo Shield R was 31 euros per unit, while the cost of the home-made tubing was 3 euros per unit. The investigators included 20 patients (Table 1) in the study (12 males and 8 females) for a laparoscopic colo-rectal resection, usually inserting four ports. Due to logistic reasons, the surgeon could not be blinded to the group assigned. The operations performed were 8 anterior rectal resections, 5 sigmoid colon resections, 5 right hemicolectomies, 1 left hemicolectomy, and 1 subtotal colectomy. Right and subtotal colectomies concluded with an extracorporeal handsutured anastomosis, while left colectomies and rectal resections were ended with an intracorporeal laparoscopic circular-stapled anastomosis, either Proximate ILS CDH 29 (Ethicon-EndoSurgery, Puerto Rico, USA) or Premium Plus CEEA 31 (Tyco, Norwalk, USA). A mono-polar hook and the Ligasure V 5-mm (LigasureV R , Valleylab-Tyco, Boulder, USA) vessel-sealing device were used in all 20 cases. No vascular staplers or endoclips were used for vascular ligation, as the 5-mm Ligasure sealed all vascular pedicles properly. The carbon-filter (Group A) or the home-made tubing connected to the hospital vacuum system (Group B) were plugged with a luer-lock connection into one of the ports at the beginning of the operation (Figure 1) , and the clamp was partially opened once the surgeon had the need to improve visibility because of accumulated smoke, having a constant outflow along the operation. From that moment in advance, the clamp was opened some more if necessary to improve visibility on demand of the operating surgeon. The parameters that were compared were complications, hospital stay, duration of the operation (minutes), the consumption of CO 2 (liters), and mainly the number of times the clamp had to be released some more or even a port be opened freely to evacuate dense smoke.
As every laparoscopic colorectal resection has a proportion of the time consumed during the operation without CO 2 insuflation due to the fact that a part of the operation is done in an open fashion (pulling out of the surgical specimen through a minilaparotomy and/or extracorporeal anastomosis) there might be important differences in liters of CO 2 consumed between groups, depending on the proportion of cases with an extracorporeal anastomosis, and mainly depending on the proportion of patients with a laparoscopically-assisted operation or conversion to open surgery. For this reasons, the total consumption of CO 2 (liters) of each case was also divided by the duration of the operation, therefore calculating the flow rate per minute (Table 1) .
To compare qualitative variables (gender, the proportion of patients with malignancy, right-sided colon resections or pelvic operations, postoperative complications and conversions to open surgery) a Fisher's exact test was used, because expected frequencies were always less than 5. Due to the shortness of cases (10 patients, each group) a test of Mann-Whitney was used to compare quantitative variables. Statistics were calculated using the SPSS 14.0 software (Chicago, USA).
Results
Among the 20 patients included in the study, 14 (70%) were operated for a malignant tumor (one case in Group A had unresectable multiple liver metastases), 6 patients had right-sided or extended right colectomies (plus hand-sewn ileocolic anastomosis) and 13 patients (65%) had pelvic surgery (rectal or sigmoid colon resection). Mean duration of the operation was 181 ± 37 minutes (range 120 -280), mean postoperative hospital stay was 5 ± 1 days (range 3-8) and mean consumption of CO 2 was 237 ± 140 liters (range 40 -498). In general, the 2 surgeons involved in the operations had the subjective impression that carbon filter cases had a worse visibility than vacuum source evacuation cases.
Groups A and B resulted to be comparable for age, gender, body mass index (BMI), the proportion of rectosigmoid operations and right-sided or extended right colectomies, malignancy, and the rate of converted or laparoscopically-assisted operations ( Table 2 ). Most of the operation was performed laparoscopically in all converted cases, where conversion to a minilaparotomy took place in the final part of the operation, usually for a combination of the following reasons: difficulty to manage the specimen due to a large neoplastic mass, a long sigmoid colon or reluctance to divide the rectum without hand-control in cases of cancer of the mid-rectum. There was no postoperative mortality. However, 10 percent of the patients suffered complications, without any difference between groups, as there was one case each: rectal bleeding in Group A and wound infection in Group B. Hospital stay (p = 0.23), duration of the operation (p = 0.79) and consumption of CO 2 , either total consumption (p = 0.36) or liters/ minute (p = 0.33) were not statistically different between groups. However, the number of times the clamp had to be released and a port had to be opened freely to quickly evacuate dense smoke was very significantly increased in Group A as compared to Group B. All these data are shown in Table 3 .
Taking into consideration that laparoscopically-assisted rectal resections or operations converted to open surgery have a substantially higher proportion of the duration of the operation not using CO 2 , the comparison of the flow rate Table 3 . Primary aim of the study (surgeon's good visibility) is shown, measuring the difference according to the number of times the evacuation device had to be opened to increase smoke evacuation for an optimal laparoscopic visibility. 
Discussion
Surgical smoke is a troublesome inconvenience for long-lasting laparoscopic procedures, such as colorectal resections, and especially for pelvic surgery, because visibility decreases [1] and has to be managed by some kind of gas evacuation. The authors' previous experience with Laparoshield R was not satisfactory for laparoscopic visibility, and because of safety criteria for operating theatre staff [4] [5] [6] , machines for continuous surgical smoke evacuation have been manufactured and offered in the market as very effective, but really very expensive at the same time.
With these facts in mind, the authors' formulated the hypothesis that a simple home-made tubing connected to the hospital vacuum source could be as effective as surgical smoke evacuation machines, while very much cheaper, and at the same time more effective than commercially available carbon filters, such as Laparoshield R . To study the hypothesis as a pilot study, 20 consecutive cases of elective colorectal laparoscopic resections were included to perform them alternatively using the Laparoshield R (Group A-10 cases) or a simple and cheap home-made tubing connected to the hospital source of vacuum (Group B-10 cases) (Figure 1 ). Surgical results of the 20 cases were satisfactory: no operative mortality, 10% complications, mean hospital stay 5 ± 1 days (range 3 -8), mean duration of the operation 181 ± 37 minutes (range 120 -280), 20% conversion rate. Groups A and B resulted to be comparable for baseline parameters (age, gender, body mass index (BMI), the proportion of rectosigmoid operations and malignancy, right-sided colectomies, and the rate of converted or laparoscopically-assisted operations) ( Table 2 ). They were also comparable for postoperative parameters (hospital stay, duration of the operation, complications and consumption of CO 2 (total consumption and Liters/min.) (Table 3 ). However, there were significant numerical and statistical differences between both groups regarding the number of times the clamp had to be released to increase outflow in order to improve visibility and even to freely open a port (Table 3) , thus reflecting the subjective impression of the surgeon that the home-made continuous evacuation system is much more effective than carbon filters for colorectal resection.
No port-site metastases were detected after a 5 year follow-up, as is consistent with most recent world-wide experience [8] , although "chimney effect" has been related to port-site metastases in experimental models [9] .
Conclusion
In conclusion, the authors confirm their subjective impression on carbon filters and give their advice for long-lasting laparoscopic procedures to connect for smoke evacuation a port to the hospital vacuum source with a roller clamp, in order to improve visibility throughout the procedure: it is cheaper, very simple and possible in any surgical setting, and it seems to be more effective than carbon filters, as the surgeon rarely needs to increase the outflow of gas in order to evacuate annoying smoke for an optimal laparoscopic vision.
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